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Using Thiol-Reactivity to Identify Proteins Involved in the Ca2þ-Trigger-
ing Steps of Native Membrane Fusion
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Ca2þ-triggered membrane fusion, the defining step of exocytosis, enables tempo-
ral/spatial control over the release of biologically active compounds. The mech-
anism by which Ca2þ triggers and modulates native membrane fusion is still
poorly understood. As an unbiased approach to investigating this process, the ef-
fects of several thiol-reactive reagents on the homotypic fusion of isolated corti-
cal vesicles (a stage-specific preparation for analyses of native Ca2þ-triggered fu-
sion) have been characterized. Such reagents have been consistently shown to
inhibit the Ca2þ-sensitivity, rate and extent of triggered fusion. However, we re-
cently showed that iodoacetamide can also potentiate the Ca2þ-sensitivity and
rate of release [1]. This implicates two distinct thiol sites in the fusion process
- one involved in the ability of vesicles to fuse (extent) and one that modulates
fusion efficiency (Ca2þ-sensitivity and kinetics). Capitalizing on this potentiating
effect, we have now identified other fluorescent thiol-reactive reagents with sim-
ilar effects: treatment with Lucifer yellow iodoacetamide, monobromobimane or
dibromobimane resulted in an average leftward shift in EC50 from 17.251.6mM
to 8.951.9mM [Ca2þ]free. These fluorescent reagents can be used to enhance fu-
sion and label proteins involved in the Ca2þ-sensing mechanism. The lipid ma-
trix at or near the fusion site can also modulate the fusion process, specifically via
cholesterol- and sphingomyelin-enrichment that is thought to regulate the Ca2þ-
sensitivity and rate of fusion through spatial organization of critical lipids and
proteins [2,3]. Proteins involved in Ca2þ-sensing are thus likely to be situated
within such areas of the membrane. Isolation of fluorescently labeled proteins
from cholesterol-enriched vesicle membrane fractions by 2-dimesional electro-
phoresis is now being used to identify proteins potentially involved in the
Ca2þ-triggering steps of membrane fusion.
1) J. Chem. Biol., Epub 3/10/08.
2) J. Cell Sci. 2005, 118:4833.
3) J. Cell Sci. 2006, 119:2688.
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Electric pulses, when applied to a cell suspension, induce a reversible perme-
abilization of the plasma membrane. This permeabilized state is long lived
(minutes). The biophysical molecular mechanisms supporting the membrane
reorganization associated to its permeabilization remain poorly understood.
Modeling them by toroidal lipidic pores cannot explain why they are long lived
and why their resealing is under the control of the ATP level. Our results de-
scribe the effect of the level of free Calcium ions. Permeabilization induces
a Ca2þ burst as shown by imaging of cells loaded with Fluo3. But this sharp
increase is reversible even when Calcium is present at a mM concentration. Vi-
ability is preserved to a larger extend when submillimolar concentrations are
used. The effect of Calcium is during the resealing step not during the creation
of permeabilization as the same effect is observed if Ca2þ is added in the few
seconds following the pulses. The resealing time is faster when Ca2þ is present.
Mg2þ is observed to play a competitive role. These observations suggest that
Ca2þ is acting not on the external leaflet of the plasma membrane but due to
its increase concentration in the cytoplasm. Exocytosis will be enhanced by
this Ca2þ burst (but hindered by Mg2þ) and occurs in the electropermeabilized
part of the cell surface. This description is supported by previous theoretical
and experimental results The associated fusion of vesicles will be the support
of resealing.
This work was supported by grants from the region Midi Pyre´ne´es, the ANR «
Cemirbio », the DGA and the Universite´ P Sabatier
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N-ethylmaleimide-sensitive factor attachment protein receptors (SNAREs) are
fundamental machinery in the cellular membrane fusion process. Much of fo-
cuses of studies have been placed on the formation of core ternary SNARE
complex and key accessory proteins, but the role of membrane environment
in SNARE complex assembly is still unclear. We have used neuronal SNARE
proteins (syntaxin-1HT, soluble SNAP-25 and VAMP-2) reconstituted proteo-
liposomes to study the effect of the cholesterol on the membrane fusion. Cho-
lesterol is one of the most abundant components of eukaryotic plasma mem-
brane. Bulk lipid mixing assay revealed that the addition of cholesterol to
both acceptor and donor vesicles promote lipid mixing. However, when choles-
terol was added to only one of the vesicle, VAMP-2 containing vesicle was
found to contribute more towards the overall effect. Surprisingly, a similar re-
sult was observed using another negative curvature lipid POPE. Single vesicle
fusion assay further revealed that this asymmetry comes from the fact that the
vesicle docking and fusion of syntaxin-1HT/SNAP-25 and VAMP-2 containing
vesicles are promoted differently in the presence of negative curvature lipids. A
molecular mechanism behind this effect is discussed in the context of protein
organization in different membrane environment. This study demonstrates
the importance of membrane context in which SNARE proteins are being stud-
ied in in vitro system.
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Dynamic membrane repair is essential not only for long-term maintenance of
cellular integrity but also for recovery from acute cell injury. While compro-
mised membrane repair contributes to various pathological states, including
muscular dystrophy, heart failure and neurodegeneration, the associated mo-
lecular machinery is largely unknown. We have recently found MG53, a mus-
cle-specific tri-partite motif family protein (TRIM72), is a component of the
sarcolemmal membrane-repair machinery. Mice null for MG53 exhibit pro-
gressive myopathy, reduced exercise capability and defective membrane-re-
pair capacity. MG53 interacts with phosphatidylserine to associate with in-
tracellular vesicles that display trafficking to and fusion with sarcolemmal
membranes. Injury of the sarcolemmal membrane leads to MG53 oligomer-
ization in an oxidation-dependent manner that results in recruitment of
MG53-containing vesicles to the injury site. A conserved cysteine residue
(C242) is involved in oxidation-mediated oligomerization of MG53, and is
critical for MG53 function in membrane repair. The response of MG53-me-
diated membrane patching is rapid, occurring on the order of seconds after
injury, indicating that MG53 mediates the acute repair process following cel-
lular damage. While MG53-mediated vesicle accumulation at the injury site
does not require entry of extracellular Ca, Ca entry does facilitate vesicle fu-
sion with the plasma membrane to complete the formation of a repair patch.
Our data indicate that intracellular vesicle translocation and Ca-dependent
membrane fusion are distinct steps involved in repair of membrane damage,
and that MG53 may act as a sensor for oxidation to nucleate the assembly of
the membrane repair machinery.
